We consider an supersymmetric extension of the Standard Model with low scale supersymmetry breaking. Besides usual superpartners it contains additional chiral goldstino supermultiplet whose scalar components -sgoldstinos, can mix with Higgs sector of the model. We show that this mixing can have considerable impact on phenomenology of the lightest Higgs boson and sgoldstino.
Introduction
Supersymmetry is still remains one of the most interesting extension of the Standard Model. The discovery of a light Higgs-like scalar resonance [1] with mass of order of 126 GeV on the one hand supports idea of low energy supersymmetry. On the other hand to obtain such value of the Higgs boson mass requires a considerable degree of fine-tuning. It it well known that the mass of the lightest Higgs in the Minimal Supersymmetric Standard Model (MSSM) at tree level is bounded by Z-boson mass and it receives a large quantum correction (see Ref. [2] for our notations) from interactions with stop-quarks If supersymmetry is indeed relevant to our Nature it should be spontaneously broken in some hidden sector. According to supersymmetric analog of the Goldstone theorem [3] there should exist a massless fermionic degree of freedom, goldstino. After taking into account gravity goldstino becomes longitudinal component of gravitino with a mass related to the scale of supersymmetry breaking F as follows m 3/2 = F/( √ 3M Pl ). In the simplest case the goldstino is fermionic component of a chiral supermultiplet and interactions of this supermultiplet with other MSSM fields are suppressed by SUSY breaking scale √ F. In most of the phenomenological applications it is typically assumed that this scale is large as compared to the electroweak scale. For instance, for gravity mediated SUSY breaking scenarios with soft parameters of order of TeV-scale this implies √ F > ∼ 10 11 GeV. For gauge mediation SUSY breaking scale can be considerably lower, but still its value is limited by √ F > ∼ 50 TeV. At the same time given current results from LHC large scale of new physics implies high degree of fine-tuning in Higgs scalar potential. However, it is possible [4, 5, 6 ] to have √ F not very far from electroweak scale, somewhere around several TeV. Recently, an interest to these models (so called low scale SUSY breaking scenario) has been renewed (see, e.g. [7, 8, 9] and references therein). In these models apart from usual supersymmetric spectrum goldstino and its superpartners -sgoldstinos, are presented in low energy theory at the electroweak scale. Phenomenology of the low scale supersymmetry and, in particular, sgoldstinos has been extensively studied in literature [10] . In this class of models gravitino is the lightest supersymmetric particle (LSP). It is phenomenologically possibles to have the masses of scalar and pseudoscalar sgoldstinos around electroweak scale. If these particles are light we have a possibility to probe the scale of supersymmetry breaking already at present-day experiments, in particular, at the LHC. In this talk we discuss mixing of sgoldstino with the Higgs sector of MSSM concentrating on the most interesting case of mixing with the lightest Higgs boson.
A model
Here we describe a minimal set of the interactions of goldstino supermultiplet with MSSM sector. To introduce them we follow spurion approach (see [11] and references therein). We denote
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Sgoldstino-Higgs mixing S. V. Demidov goldstino chiral superfield as Φ = φ + √ 2θ ψ + F φ , where φ = (S + iP) / √ 2 represents sgoldstino degrees of freedom, ψ is goldstino and F φ is an auxiliary field. We introduce the interaction lagrangian given by the sum of the following contributions
Note that the above lagrangian should be considered as an effective field theory which is valid at energies E < ∼ √ F. To simplify matters we make the following assumptions. We will suppose that sgoldstino field does not acquire non-zero v.e.v. Further, we suppose that due to some interactions in the hidden sector the auxiliary field F φ acquires non-zero vacuum expectation value F φ = F and SUSY becomes spontaneously broken and the above lagrangian reproduces soft terms of MSSM. Finally we introduce mass of sgoldstino fields m S and m P phenomenologically and assume that they are of order of electroweak scale.
Here we will be interesting in mixing of scalar sgoldstino S with the lightest Higgs boson h in the decoupling limit when m h ≪ m A , m H . We integrate out the auxiliary fields for Higgs doubles, goldstino superfield and vector superfields and obtain corrections to the lagrangian due to sgoldstino interactions. In this way we obtain a correction to the squared mass of the lightest Higgs boson
where v is v.e.v. of the Higgs field. The appearance of this correction to the mass of the lightest Higgs boson has been observed in Ref. [7] . The mixing between the lightest Higgs boson h and the scalar sgoldstino S in the lowest order in 1/F is given by
In the case when sgoldstino mass parameter is much larger then m h the corrections to the masses of the scalar particles due to this mixing are suppressed. In the opposite situation, i.e. when mass parameter of sgoldstino is somewhat smaller than m h , the mixing with sgoldstino can give rise an additional positive contribution to the lightest Higgs boson mass.
The consequences of sgoldstino-Higgs mixing
Here we discuss the phenomenological consequences of possible mixing of sgoldstino with the lightest Higgs boson assuming the decoupling limit. First of all let us discuss the changes of the branching ratios for the scalar sgoldstino [10] due to the mixing. Typically, the dominating decay channels are the decays into massless gauge bosons rather then to fermions like in the case of the SM Higgs boson. This is related to the fact that for the Higgs boson the couplings to the gluons and gammas arise only at one loop level as compared to the couplings to massive particles, while for sgoldstinos all couplings exist already at tree level. In the Fig. 1 we show how the picture of sgoldstino decays changes depending on mixing angle. We see that even small value of mixing angle can considerably change the hierarchy between possible decay channels and already at mixing angle of 0.4 the picture becomes very similar to the case of the Higgs. To explore whether this scenario is indeed possible in the low scale MSSM we make a scan over some MSSM parameters space inspired by naturalness. We use a package NMSSMTools [12] in the MSSM regime and vary MSSM parameters with the followings intervals: 1.5 < tan β < 50.0, 100 GeV< µ < 1500 GeV, 100 GeV< M 1 < 500 GeV, 200 GeV< M 2 < 500 GeV, 1. lightest Higgs before and after mixing (upper, left). It is clearly seen that before mixing Higgs mass does not become larger 122 GeV while the mixing can bring its value inside the observed range 124 GeV< mh < 127 GeV. Here by red points we show the models which are already excluded either by experimental constraints (in particular, by LEP constraints). On the upper, right plot we show the LHC signal strength relative to the SM Higgs of the same mass for γγ and ZZ channels. One can see that the signal strength can differ from unity for some models which could be a signature of an admixture of some scalar particle to the Higgs boson. Also the model predicts some decrease in the signal strength for bb in vector boson fusion production channel. At the same time now another sgoldstino-like scalar is present in the spectrum and on the right lower plot we present corresponding signal strength for the most promising γγ channel in gluon-gluon fusion.
One can see that it can reach values of about 0.2. We note, that only limited parameter space is phenomenologically acceptable here because of exclusion from LEP data. More thorough analysis of the phenomenology of such a scenario will be presented elsewhere [13] .
Conclusions
In models with low scale supersymmetry mixing of sgoldstinos with Higgs sector can have considerable impact on phenomenology. In particular, mixing with sgoldstino can give additional positive contribution to the Higgs mass which can push its value to the observed 125 GeV with-out considerable violation of naturalness criteria. One of the consequence of this scenario is an additional scalar which can be probed at the experiments at LHC.
